found that 56% of people who were independent before a hip fracture needed assistance at home and a walking aid after the fracture. Older age is consistently associated with not regaining basic mobility following a hip fracture and several studies have found the impaired pre-fracture functional level to be the most consistent predictor of unfavourable outcomes in older people after hip fracture rehabilitation [7] [8] [9] [10] . Functional impairment can induce changes in living situations and a Canadian study showed that community residents transferred to long-term care implied substantially increased costs [11] .
Hip fractures are associated with substantial health and care costs both because of the high incidence rates and the extensive use of health and longterm care services in connection to the fracture. A systematic review from 2005 found the health care costs associated with hip fractures to be three times higher than the costs for matched controls without a hip fracture [12] . Costs attributed to a hip fracture are particularly high the first year after the fracture [13] . A study from the Netherlands with 2-year follow-ups showed that rehabilitation centres and nursing homes accounted for 49% of the total treatment costs [14] . Older age, being female, sustaining an intra-capsular fracture and low functional status before the fracture are associated with increased firstyear costs [15] .
The costs attributed to hip fracture are strongly related to the pre-fracture site of residence. A study from Sweden found excess costs close to zero in the first year after hip fracture for patients residing at long-term care facilities before the fracture, whereas being home-dwelling was associated with substantial excess costs [16] . Nikitovic et al. [17] found similar results in a study from Canada. In a study from Norway [18] , costs related to femoral neck fractures were reported to be more than twice as high as similar estimates from the Netherlands [14] . However, a comparison of cost estimates between studies must take into account differences in follow-up time, the case mix, included cost components and the nature of the study design (i.e. randomized control trial or based on register data). Different health care systems and other country-specific factors such as price levels also matter. A thorough presentation of context and results is therefore important.
The aim of this study was to estimate the oneyear health and care costs connected to a hip fracture for home-dwelling patients in Norway, paying particular attention to patient status at the time of the fracture and cost differences due to various patient pathways after the fracture. Hospital treatment and the use of a wide range of primary health and care services in the first year after the fracture were included in the cost estimates. The results specified whether the costs were connected to the index hospital stay, to post-discharge rehabilitation, to extra hospital services or to primary health care services and whether the resident's municipality or the state was the financing body of the different cost components. The calculations explored data from a randomized clinical trial carried out in 2008-2011. We argue that detailed service utilization data thoroughly collected in clinical trials provide cost estimates that can shed light on how different service types contribute to the total costs.
Materials and methods

Delivery of health and care services in Norway
The health care sector in Norway is divided into specialist health care and primary health care, each subject to different funding systems, laws and central regulations. Four regional health enterprises owned by the state are responsible for the provision of hospital services, whereas rehabilitation services can either be delivered by private non-profit enterprises or by the municipalities. The provision of primary health and care services (both nursing homes and home caring) is the responsibility of the municipalities, which is the lowest governmental level. Hence when an elderly patient is hospitalized and when he or she is discharged from hospital, the medical and care responsibility is carried over to another governmental level.
Study design
This study was part of the Trondheim Hip Fracture Trial, which is a single-centre, randomized controlled trial performed at St Olav Hospital. The study population was aged 70 years and older and was home-dwelling prior to the hip fracture. The included patients had been able to walk 10 m before the fracture. Exclusion criteria were patients with pathological fractures and multi-trauma injuries. The dataset was collected in 2008-2011 and consisted of 396 patients. The trial assessed the effect and cost-effectiveness of comprehensive geriatric care versus usual orthopaedic care during the initial hospital stay. The primary study outcome was mobility assessed by the Short Physical Performance Battery four months following surgery [19] . The study protocol, the description of the intervention and the trial results have been published previously [20] [21] [22] . Beneficial comprehensive geriatric care results were reported both in terms of mobility and cost-effectiveness. The present study further explored utilization of health and care services in the first year after the hip fracture as a basis for the estimation of costs for subgroups of patients. Data for the index stay, re-admissions to hospital and outpatient visits were collected from the hospital records; rehabilitation stays were collected from the Norwegian Patient Registry and from municipality records; visits to general practitioners (GPs) and physiotherapists were collected from the Norwegian Health Economic Administration; and nursing home stays and other primary care services were extracted from municipality records (Table I) [23] . Data on unit costs were collected from the municipality, the hospital administrations or from previously published studies. Unit costs were adjusted to the 2013 price level and are reported in euros.
Cost categories and cost calculation
Costs were aggregated into the following cost categories: (a) hospital costs, including the initial index stay, subsequent outpatient service costs and costs for hospital re-admissions; (b) rehabilitation costs, including inpatient stays in private not-for-profit enterprises and rehabilitation centres organized and financed by the municipalities; (c) care costs, including short-and long-term nursing home stays, as well as a range of services offered to home-dwelling patients, as described in detail in Table I ; and (d) costs connected to visits to GPs. Table I shows the service utilization for the different cost categories in addition to unit costs and sources of information.
Costs for the index stay were calculated as the sum of costs connected to surgery and length of stay (LOS) due to hospitalization. Surgery costs were assumed to be equal across patients and were calculated based on unit prices published in Frihagen et al. [18] . The LOS was multiplied by the unit price per day based on staffing levels [22] . For all other services, the observed service utilization per patient was multiplied by the unit costs to calculate the total cost per patient. Inpatient stays and outpatient visits following the index stays were included in the cost calculation and contributed to the sum of hospital costs. Patients who died during the trial were allotted zero costs from the date of death.
Patient subgroups and patient pathways
Costs were calculated for subgroups of patients according to age, sex, fracture type and instrumental activity of daily living (I-ADL) at fracture incidence. Age was dichotomized into 70-84 years and 85 years and older; and fracture type was dichotomized into intra-capsular (femoral neck) and extra-capsular fractures (trochanteric and sub-trochanteric). The I-ADL was measured by the Nottingham Extended ADL Scale (NEAS) [24] , in which the score interval is 0-66 and a high score indicates a better I-ADL. The median NEAS score at fracture incidence was 45. Patients with a score <45 were considered 'functionally impaired' and patients with a score ⩾45 were considered 'not functionally impaired'. We identified four different pathways that form the basis for the cost calculations: (a) died within the period; (b1) discharged home without rehabilitation or nursing home stay; (b2) discharged to a rehabilitation institution, then discharged home; and (b3) permanent nursing home stay within the period.
Statistical analysis
There was no missing data. Descriptive statistics were used to present cost estimates and, due to skewed cost data, confidence intervals based on non-parametric bootstrapping (1000 replicates) and bias-correction were applied. The independent samples t-test based on bootstrapped confidence intervals was used to compare the mean costs across subgroups [25] . Significance levels <1, <5 and <10%, respectively, are reported. Data preparation and statistical analysis was performed using Microsoft Excel Professional Plus 2010 and IBM SPSS 22.0.
Results
The majority of the included patients were women (73.7%). The mean age was 83.3 years and 54.5% of the patients were in the youngest age group (70-84 years). The mean±SD NEAS score was 42.2±17.6. The majority of fractures were of the intra-capsular type (62.1%) and 17% of patients died within the first year. Table II show that the mean total one-year costs per patient were EUR 68,376. Hospital costs amounted for 31.0%, rehabilitation costs 14.7%, care costs 52.9% and GP costs 1.4%. The median value was considerably below the mean value for all cost components except for the index stay, rehabilitation costs and GP visits. This illustrates skewed distributions with tails of high-utilization/high-cost patients. Table III shows that there was no difference in total costs between men and women. However, there were slightly higher costs for female patients connected to home-based services (home care and home nursing), whereas nursing home costs and hospital costs were slightly higher for men, although there was no significant difference. The total costs for patients in the oldest age group (85+ years) were EUR 12,418 higher than for the youngest age group (70-84 years) (p=0.015) and this difference was attributable to rehabilitation and nursing home costs and costs connected to home care and home nursing. Cost were >40% (EUR 35,989) higher for patients with a low functional status before the fracture (NEAS <45) than for patients with better functional status (p<0.001). Extra hospital and nursing home stays contributed to the increased costs. No significant cost difference was found between the two fracture types. Table IV shows the one-year health and care costs for patients who were alive one year after the hip fracture were EUR 71,719. The lowest costs were found for patients admitted directly to their home with no additional institutional services after the index stay (EUR 31,962). The total costs increased to EUR 59,141 (p<0.001) for patients with a rehabilitation stay or a hospital stay after the index hospitalization. For patients admitted permanently to a nursing home within the first year, the total costs increased further to EUR 142,808 (p<0.001). The different cost components related to the four different patient pathways are illustrated in Figure 1 . 
Discussion
The one-year health and care costs for the total sample of patients included in the Trondheim Hip Fracture Trial were EUR 68,376 per patient. For those alive one year after the hip fracture, the total costs were EUR 71,719. This cost estimate is in line with a previous Norwegian study [18] , but higher than published costs from other Western countries, which showed estimates below EUR 30,000 [14] . Different wage and cost levels Asterisks denote significance levels at 1% (***), 5% (**) and 10% (*) between sex, age, I-ADL and fracture type, respectively, according to independent samples t-test with bootstrapping (1000 replicates) and bias-corrected confidence intervals. and different organization of the health-and long-term care services prevented estimates from different countries from being directly comparable. The patients' age and pre-fracture functional status contributed most to the total costs, which is in line with previous findings [7, 15] . No significant difference in total costs was found between fracture types and sex. Nearly 17% of these originally home-dwelling patients changed their living site permanently to a nursing home after the fracture, which is slightly higher than the 14% reported by Parker and Palmer [8] . The mean total costs for these patients were EUR 142,808, which is twice as high as the mean total costs for the whole sample. This estimate is comparable with a study from Finland, which found the average cost to be 2.5 times higher for patients admitted to permanent institutional care than for patients who were able to live in their own home after a hip fracture [26] .
Focusing on optimum rehabilitation to improve patients' physical independence may increase the rate of patients remaining home-dwelling after a hip fracture [27] . Results from the Trondheim Hip Fracture Trial showed that immediate admission before initial surgery to a ward delivering comprehensive geriatric care (CGC) improved mobility at four months compared with usual orthopaedic care. The proportion of patients discharged directly to their home was 25% with CGC as compared to 11% with orthopaedic care [22] . Hence increased efforts such as CGC as part of the initial hospital stay may reduce long-term care costs in subsequent periods. However, CGC will most likely increase hospital costs in the short term. In the Trondheim Hip Fracture Trial, the average LOS was increased by 1.7 days for patients who were offered CGC, whereas during the following year CGC reduced hospital use by 2.6 days, thereby compensating for the higher initial costs of CGC. Hence despite being cost-neutral for the hospital in a longer perspective, such interventions might not be implemented because the positive gains are not measurable in the short term.
Hip fractures are a burden for the individual patient and are incur high costs for society. As treatment outcomes are poor, preventive measures focusing on osteoporosis and falls are important. Osteoporosis is prevalent in older people and half of all women and a fifth of all men will suffer a lowenergy osteoporotic fracture in their lifetime [28] . As lifestyle and pharmacological treatment have been shown to prevent fractures, health care programmes focusing on the prevention, identification and treatment of osteoporosis is important [29] . According to Gillespie et al. [30] , the effective prevention of falls can be achieved through a multidimensional approach. In an earlier study, we estimated the cost-effectiveness of implementing an exercise-based fall prevention programme for homedwelling elderly women and found that the reduction in healthcare costs following falls more than offset the cost of the prevention programme [31] . However, we also concluded that because the positive gains of such programmes do not necessarily go to the provider who finances it, it may not be implemented. An implication of the current study is that prevention programmes for older people designed to increase their functional status also might reduce the costs to the municipalities following hip fractures. For the municipalities, a barrier impeding the implementation of such interventions is linked to the fact that the effect of the prevention programmes is most likely not measurable within a budget year.
The strength of this study was the thorough and detailed collection of health care utilization data within a randomized controlled study design, including patient information of great value for subgroup estimates. The study estimated costs in the first year following a hip fracture based on the utilization of all relevant health services. Hence it included not only re-admissions, but all the different kinds of relevant health and care services the patients received. Other researchers have focused on hip fracture costs in terms of excess costs applying matched controls without a fracture [17] or using patients as their own control [16] . Among the cost types in this study, researchers were able to examine hospital service utilization and short-term nursing home utilization the year before fracture incidence only. Few hospital admissions and short-term nursing home stays and, hence, only minor costs were observed. Data on home-based service utilization the year before fracture were not available, but it is likely that patients with low functional status received such services. conclusion One year after a hip fracture, care costs accounted for more than 50% of the total costs following the fracture; even for patients with good functional status before the hip fracture (NEAS >45), care costs accounted for 40% of costs compared with hospital costs of 38%. We were not able to calculate care costs in a longer perspective, but the need for home-based care or nursing home care will most likely proceed in the following years. This illustrates the high financial burden that hip fractures put on the municipalities, which in the Norwegian context provide both home-based care and long-term care in nursing homes. To reduce the financial costs of hip fractures for the care sector, the results point to the importance of preventive programmes for falls and the treatment of osteoporosis to reduce the risk of a hip fracture, but also to the importance of CGC at the hospital in the initial phase after a hip fracture.
In Norway, health and long-term care institutions are expected to balance running expenses and income within a year. This implies incentives for a reduction in the LOS in hospital and might imply taking insufficient account of potential readmissions. It may also imply incentives against implementing prevention programmes because the effects are not measurable within a year. Hence economic incentives designed to increase institutional efficiency can conflict with the health policy goal of the efficient use of the health and long-term care resources in a longer perspective.
